In the first of two studies on teat-seeking behavior of newborn pigs, latencies from birth to first mammary contact (LMC) and to first suckle (LS) were recorded by live observation (n = 66). LMC accounted for 66% of LS and variances were similar between these two measures, suggesting that LMC is a good predictor of time to first suckle. In a second experiment, 32 litters of pigs were farrowed in crates equipped with either solid, vertically slatted, horizontally slatted or diamond mesh creep partitions. Piglet behavior following parturition was recorded via time-lapse videotape. LMC was determined for each piglet and movements were plotted for four focal pigs/litter. Partition type did not affect LMC (mean = 34 min). LMC was significantly affected by number of littermates present during teat-seeking (P < .001), birth order (P < .001) and frequency of position changes by the sow (r = .26, P < .01). Neither sex nor birth weight affected LMC on a within-litter basis, but across litters smaller pigs had greater contact latencies (r = -.38, P < .001). Partition type did not affect distance traveled or time spent in contact with the sow, in contact with the creep partitions, free standing or the total of these. LMC was positively correlated (P < .05) with contact time with the sow (r = .34) and time behind the sow's back (r = .38) and negatively correlated with tiroe spent free standing (r = -.35, P < .05) and in contact with the sow's rear legs (r = -.29;P < .10).
Introduction
The first days of postnatal life are the most critical period for piglet survival. Of the reported 20% preweaning mortality among liveborn pigs (Sharpe, 1966; Fahmy and Bernard, 1971; Svendson et al., 1986) , 50% occurs during the first 3 d (Fahmy and Bernard, 1971 )and one-third within the 1st d (Sharpe, 1966) . Such statistics suggest the piglet's interactions with and responses to its early environment are critical.
Piglets engage in teat-seeking behavior almost immediately after birth (Randall, 1972) . define the temporal relationship between time spent teat-seeking prior to contact with the mammary area of the sow and the total duration of the teat-seeking phase. Data were recorded using continuous live observation of 66 pigs from 21 litters. Piglets were born to sows housed in standard farrowing crates in which the total dimensions of crate plus adjoining creep area were 1.8 x 2.4 m.
Observations began when the piglet was expelled from the birth canal. Latency from birth to first contact with the mammary area of the sow (LMC) and latency from birth to first suckle (LS) were recorded for each piglet. Contact with the mammary area was defined as nose contact by the piglet at any point in this area. The time of first suckle was recorded when the piglet was observed to suck from a teat. Piglets were not handled or interfered with prior to sucking. Schedule constraints resulted in the termination of some observations prior to a piglet suckling. These piglets were eliminated from the analysis. All Iittermates born previously or during the observation period were allowed to remain with the sow.
Data were analyzed for effects of sex and birth order on a within-litter basis using the GLM program of SAS (1982) . Within-and across-litter correlations of LMC and LS also were calculated. Equality of variance of the latencies was tested using an F-value calculated as the ratio of the larger variance to the smaller (Steel and Torrie, 1980) .
Experiment 2: Effect of Creep Partitions.
Thirty-two litters of pigs were farrowed in standard, straight-bar (24 cm from floor to lowest bar) farrowing crates measuring .6 • 2.1 m. Creep partitions formed the boundaries of the creep areas, which extended 45.7 cm along each side of the crate. The crates were mounted on premolded, perforated plastic flooring and were located in two isolated rooms with two crates in each room. Treatments consisted of four types of creep partitions. The creep partitions were constructed of either solid metal, diamond mesh, horizontal slats or vertical slats. All creep partitions were constructed of metal and were at least 62 cm high. Diamond mesh partitions were characterized by diamond-shaped perforations (1.5 cm wide x 4Graf/Pen Sonic Digitizer, Science Accessories Corp., Southpost, CT.
3.5 cm high) arranged in diagonal rows with 1 cm between perforations. Vertically slatted partitions had slats .5 cm in diameter with 3.8 cm between adjacent slats. Slats for horizontally slatted partitions were .9 cm in diameter with 7.9 cm between slats. Vertical supports for these horizontal slats were present at 52-cm intervals along the length of the partition. Creep partitions were rotated among crates to avoid bias of the data due to crate location.
Sows were introduced to experimental crates 1 to 4 d before their expected farrowing date. A time-lapse video system running at .9 frame/s was used to record the behavior of newborn pigs. Each litter was videotaped during parturition and up to 12 h after, or until all liveborn pigs had contacted the sow's mammary area. Piglets were weighed at this time (d 0) and again at d 3, and mortality was recorded during this period. Otherwise, piglets were subjected to normal management procedures.
Behavioral data were collected from videotapes by two observers. Visual restrictions, primarily due to the crate, made it difficult to determine actual physical contact with a teat. Therefore, contact with the mammary area of the sow was set as the criterion for evaluating teat-seeking behavior. LMC was determined for all pigs and was defined as the interval from total expulsion of a piglet's body from the birth canal until the piglet's nose first contacted the sow's mammary area. In addition, distance and time budgets prior to mammary contact were determined for four focal pigs/litter. Focal pigs were selected at random from among all liveborn pigs in a litter.
Data collection procedures for movements of focal pigs used video playback, at recording speed, in combination with a digitizing system interfaced with a microcomputer. The digitizer unit 4 contained a sensor assembly which, when mounted over the video monitor, created a grid on which the movements of the pig could be plotted. Contacting the video image of the piglet using the digitizer stylus generated horizontal and vertical coordinates that corresponded to that position. These coordinates were recorded by the computer, which added a time reading from an internal clock. Each time the piglet changed position, the new position was plotted in the same manner until the piglet contacted the mammary area of the sow. Because this procedure assumes that the piglet is a single point rather than a three-dimensional object, it was necessary to select a part of the piglet to be digitized to determine position in a consistent manner. The piglet's nose was chosen because teat-seeking is accomplished primarily by its use. From data sets obtained in this manner, the amount of time and distance searched while in contact with the sow, in contact with the creep partitions, or free standing, in which the piglet was in contact with neither creep partitions nor the sow, were calculated. Changes in sow position were recorded when sows changed between lateral and sternal recumbency, and between recumbency, sitting and standing.
Several areas of the crate were thought to be potential problem areas for teat-seeking piglets, either because they could obstruct piglet movement or because they were attractive to piglets and thus distracted teat-seeking. The amount of time piglets spent in these areas was evaluated as a percentage of LMC. These areas included the rear corners of the crate, the rear legs of the sow, the vulval area of the sow and the area behind the back of a laterally recumbent sow. Piglets were considered to be in the corner of the crate when within 15 cm of the junction of side and rear portions of the creep partitions. The vulval area of the sow was defined as a semicircular area with a radius of 15 cm from the center of the vulva of a laterally recumbent sow. A pig was considered to be behind the sow's back when both anterior and dorsal to the base of the tail while the sow was in lateral recumbency. Contact with the rear legs of the sow was recorded when the piglet touched either rear leg at or below the hock. Thus, proximity to the vulva and the sow's back as well as time in contact with the sow's rear legs were measured only when the sow was lying on her side.
Statistical analysis was performed using the GLM program of SAS (1982) . In analysis of both production and behavioral data, litter was the experimental unit in a model that included effects of treatment and farrowing room. Treatment effects were tested using litter nested within treatment as the error term. For analysis of production data, birth weight and sow parity were included as covariates. In analysis of behavioral data, observer effects were included in the model and position in the birth order, total number of pigs that had been born at the time of mammary contact, and 9 frequency of position changes by the sow were included as covariates. Because two of these, position in the birth order and number of pigs born at the time of mammary contact, were not independent, contributions of covariates were calculated sequentially. Both within-and across-litter correlations were performed in order to determine relationships among behavioral variables and between behavioral and production variables. Where significant main effects were present, least squares means were compared (Steel and Torrie, 1980) .
Results

Experiment 1: Partitioning of Teat-Seeking
Phase. Piglets averaged 10.6 (SE = .9) min from birth to first contact with the mammary area, with similar latencies for males (10.2 min) and females (11.5 min) within a litter (P > .05). Likewise, LS did not differ (P > .05) between sexes within a litter; males and females suckled 14.8 and 17.0 min after birth, respectively. Overall, piglets averaged 15.6 (SE = 1.1) min from birth to first suckle.
As expected, LMC and LS were positively correlated on a within-litter basis (r = .62, P < .001) as well as across litters (r = .74, P < .001).
LMC, on the average, accounted for 66% (10.6 rain/15.6 min) of the total teat-seeking time. Variation in LMC was only slightly less than variation in LS, and the F-value of 1.26 indicated that the variance did not differ significantly between the two. Thus, LMC accounts for a large amount of the variation in teat-seeking, with teat location after the piglet has contacted the mammary area contributing little additional variation.
-D-LS
,-. 20
.~_ Position in the birth order did not significantly influence either LMC or LS (Figure 1 ). Both variables followed a similar pattern, with highest peaks at positions 6 and 10 to 11. Such peaks most probably are attributable to effects of crowding because pigs most recently born attempt to locate teats for the first time while slightly older pigs may be engaged in teat sampling.
Experiment 2: Effect of Creep Partitions. A
total of 292 pigs were born to sows housed in experimental crates, with litter size averaging 9.1 pigs. Analysis of production data for these pigs during the first 3 d after birth (Table 1) indicates that there were no significant differences among treatments for weight at birth (mean = 1.62 kg), gain (mean = .36 kg) or mortality (mean = 5.9%).
The distribution of LMC for the pigs in this experiment is presented in Figure 2 . Overall, 50% of piglets had contacted the mammary area within 20 min of birth and 87% had done so by 1 h of age, suggesting that teat-seeking was accomplished quite readily by the majority of piglets. However, approximately 10% of the piglets required more than 80 min to locate the mammary area, with four pigs exceeding 3 h and another pig requiring 5 h to accomplish this goal.
There was no significant effect of treatment on LMC. Piglets averaged 34.0 (SE = 8.1) min from birth to first contact with the mammary area of their dam. Considerable variation in LMC was observed, and the frequency distribution of Figure 2 indicates that the data were skewed. However, log transformation of the data was unsuccessful in uncovering any meaningful differences.
There were no effects of sex or birth weight on LMC; however, LMC was influenced by position changes by the sow (P < .01), birth order (P < .001) and the total number of pigs, both live and dead, present in the litter at the time of mammary contact (P < .001). In the case of position changes by the sow, the significant positive intralitter correlation (r = .26, P < .01) indicates that frequent changes in position by a sow tended to slow piglet progress to the mammary area. Positions of sternal recumbency and standing by the sow would preclude access to the mammary glands by piglets and may account partially for the increased LMC seen with frequent repositioning. However, the change of position, rather than the assumption of these particular positions, appeared to be the more disruptive factor in neonatal teat-seeking. LMC also appears to be directly related to position in the birth order, as indicated by an increased LMC for pigs born later (Figure 3) , and to the number of pigs present during the teat-seeking phase, such that physical presence of littermates delayed movement to the teat area. This latter effect might be attributed to actual physical congestion due to a number of piglets engaged in teat-seeking within a small area. Alternatively, some component of a pig's littermates actually may be attractive to teatseeking piglets, because under such conditions piglets were observed to direct considerable investigation to siblings. It must be emphasized that effects of number of piglets present during teat-seeking and birth order positioning are not independent. Because effects of covariates were calculated sequentially, both factors may affect LMC; however, such results also may reflect the increased possibility of birth of additional siblings when a piglet is slow to locate the sow's mammary area.
Both across-litter correlations using litter means and within-litter correlations showed no significant relationships between teat-seeking time and the performance parameters of gain and mortality (Table 2) . LMC was negatively correlated with birth weight (r = -.61, P < .01) across litters. Thus, litters consisting of smaller pigs were slower to reach the mammary area. However, this correlation was not significant on a within-litter basis (r = -.15, P > .05). The time budgets of piglets prior to first mammary contact were not influenced by the type of creep partition present. Teat-seeking during this time was directed toward the sow approximately half (50.5%, SE = 3.2) the time, with most of the remainder performed while free standing (48.1%, SE = 3.0). The proportion of teat-seeking time in contact with the creep partitions were relatively minor for all treatments (1.4%, SE = .6), indicating that piglets remained relatively close to their dams.
Across-litter correlations (Table 2) showed no significant relationships of LMC with any measure of distance searched or with the proportion of time spent in contact with the creep partitions or in proximity to the vulva. Time (% of LMC) in contact with the sow was positively correlated to LMC (r = .34, P < .05), whereas time spent free standing showed the opposite effect (r = -.35, P < .05). Thus, piglets that spent large proportions of time in contact with the sow actually took more time to locate the mammary area than piglets that also searched independent of sow contact.
Of crate areas evaluated, no significant differences in proportion of time spent in these areas could be attributed to type of creep partition (Table 3) . Piglets spent about 11% of their time behind the back of the sow and almost 20% of their time in proximity to the vulva. In each case, about two-thirds of this time was spent in sow contact. Teat-seeking in contact with the rear legs of the sow made up 16.3% of the total and was least for piglets in crates with vertical slats (7.3%). Less than 1% (0.2%) of teat-seeking time was spent investigating the corners of the crates. Thus, piglets were either able to cope with such encounters or movement to the corners was infrequent in itself.
Across-litter correlations indicated that LMC was positively associated with time in proximity to the back of the sow (r = .38, P < .05; Table  2 ) and that time spent in contact with the rear leg of the sow was negatively correlated with LMC (r = -.29, P < .10). Thus, pigs moving behind the sow's back were slower to reach the mammary area, whereas pigs contacting the sow's rear legs were successful sooner. The lack of significance between LMC and leg contact time may be due to the fact that the rear legs of the sow at times may physically impede the progress of piglets. Significant within-litter correlations of time in proximity to corners with that spent in contact with the sow's rear legs (r = .28, P < .01) and in proximity to the vulva (r = .30, P < .005) indicate that pigs that spent considerable time investigating the rear portion of the sow also were more likely to investigate the corners of the crate. A negative intralitter correlation of time behind the sow's back with that in contact with her rear legs (r = Cproximity defined as within a 15-cm radius.
dcontact with rear legs of laterally recumbent sow. eRear corners of crate creep partitions.
--.39, P < .001) indicates that piglets may move in one direction following birth and do not spend much time moving in the opposite direction. The actual distance searched by these piglets averaged 90.4 m, a value considerably higher than might have been expected. However, because the piglet's nose was the point plotted, this high value probably was due to frequent side-to-side movement of the piglet's head while the rest of its body remained stationary. There were no significant effects of type of creep partition on distance searched by newborn pigs prior to first mammary contact either in terms of total distance or the proportions searched while in contact with the sow (35.5 m), free standing (53.4 m) or in contact with the creep partitions (1.6 m). Thus, further analysis was performed using percentages with LMC as a covariate (Table 4 ). Prior to mammary contact, search distance while in contact with the sow constituted 43% of the total, with 54% searched while free standing. A trend (P < .10) for piglets born in crates with horizontally slatted creep partitions to search less distance while free standing was detected, but pigs in this group also spent the least time free standing. Overall, piglets searched only 2.1% of the total distance while in contact with the creep partitions.
Discussion
Among newborn mammals, suckling is essential to survival and thus is important from both an evolutionary and a practical perspective.
Suckling behavior involves a series of events culminating in milk ingestion but is preceded by, and directly dependent on, teat location. In piglets, the teat-seeking phase is characterized by vigorous searching over the surface of objects encountered, and is terminated by oral contact with the teat (Hartsock and Graves, 1976) . Teat-seeking time can be considered as the sum of two components, because piglets first must locate the mammary area and then locate a teat within that area. LMC measures only the first component and thus is a minimal estimate of time to first suckle. LMC, on the average, constituted two-thirds of total teatseeking time and showed similar variation to that observed for the total, indicating that it is a good predictor of latency to first suckle.
The average LMC of 34.0 min obtained in Exp. 2 is consistent with recent estimates of 35.7 ruin (Bate et al., 1985) , 50 min (Morris et al., 1985) and 58.4 min (Bate and Hacker, 1982) from birth to first suckle, but is slightly greater than earlier estimates. Jones (1966) reported 10-to 35-min intervals to first nursing, whereas Hemsworth et al. (1976) noted an average of 24.3 min from birth to first suckle. LMC in Exp. 2 was considerably higher than that reported in Exp. 1. The lower estimate of Exp. I may be attributed to the method of data collection, because live observation restricted inclusion of pigs that took extremely long periods of time to reach the mammary area. Jones (1966) reported a range of 3 to 153 min from birth to first milk intake. A similar minimal time to locate the udder was observed in this study (LMC = 2.3 rain); however, the upper extreme of the range was considerably higher, with an LMC for one pig of over 5 h (323 min). Although such cases are rare, these piglets are subject to several disadvantages. bNo nose contact with either sow or creep partitions (P < .10).
Colostral proteins are known to decline rapidly, falling by 50% in the first 4 to 6 h of suckling (Bourne, 1969) . Gamma globulin concentrations have been directly related to preweaning survival (Hendrix et al., 1978; Blecha and Kelley, 1981) , and piglets denied nursing for 4 h after littermates had begun suckling had lower immunoglobulin titers (Coalson and Lecce, 1973) . Chilling also is likely to occur during this period and may contribute either directly or indirectly to mortality (Curtis, 1974) . Ideally, piglets should direct the majority of their teat-seeking to the mammary area of the sow; however, piglets tend to explore vertical surfaces extensively regardless of the surface encountered (Hartsock and Graves, 1976; Gonyou, 1982; Welch and Baxter, 1986) . Of time prior to first contact with the udder, Gonyou (1982) observed that 10.3% was spent in contact with the wall behind the sow and 50.25% was spent in contact with the rear of the sow. Jones (1966) also found that piglets spent time nuzzling and suckling the vulva. Exploration of vertical surfaces constituted over half the piglets' activity in the present study. In most cases, piglets explored vertical surfaces that were warm and(or) resiliant, in accordance with observations of Welch and Baxter (1986) . Exploration directed at the vulval area (19.9%), the rear legs of the sow (16.3%) and in contact with the back of the sow (6.9%) made up a total of 43% of teatseeking time prior to first mammary contact. An additional 15% of LMC was spent in contact with other sow surface areas and 2% in contact with creep partitions. The frequent nosing of littermates, though not measured, also would contribute to this total.
Given the magnitude of teat-seeking directed at vertical surfaces together with Gonyou's (1982) previous estimate of time spent in contact with the wall behind the sow (10.3%), this low frequency of teat-seeking directed toward the creep partitions is somewhat surprising, but it may explain the lack of treatment differences. Creep partitions may have other effects. Production data did indicate a tendency for greater weight gain when crates had solid or mesh creep partitions. This might be attributed to differences in thermal environments. Creep partitions with few or only small openings, such as the solid and mesh partitions, may create microenvironments that reduce heat loss.
A number of factors have been identified as affecting pig survival. Among these are farm, season, sex of pig, live litter size (Bereskin et al., 1973) , birth weight (Bereskin et al., 1973; Hartsock and Graves, 1976; Hendrix et al., 1978) and position in the birth order (Hartsock et al,, 1977; Hendrix et al., 1978) . Results of this study failed to detect a statistical relationship between survival and LMC; however, some of the factors known to affect survival also were found to affect LMC. Litter size, in terms of the number of pigs present in the litter at the time of mammary contact, was an important factor influencing LMC, as was position in the birth order. On a within-litter basis, neither sex nor birth weight affected time spent locating the mammary area. The lack of effect of birth weight is somewhat surprising because birth weight has been significantly correlated with birth order (Harmon et al., 1972; Hartsock and Graves, 1976) . Although no sex differences were apparent, previous studies have indicated that intervals from birth to suckling vary between sexes, with females suckling sooner (Bate and Hacker, 1982; Bate et al:, 1985) . Because neonatal teat-seeking is composed of two phases, mammary location and then teat location, it is possible that pigs of both sexes reach the mammary area in approximately the same time, but that females are more efficient in teat location and thereby suckle sooner. However, results of Exp. 1 do not support this conclusion. Neither LMC nor time to first suckle varied with sex. In fact, the interval from mammary contact to first suckle was slightly longer for females in Exp. 1.
The strategies employed by newborn piglets in teat location appear highly variable among pigs but fairly consistent within pigs. Although piglets continuously have the choice of moving to either side of the sow, the results indicate that piglets that move in a given direction persist in this pattern, spending little time investigating the opposite direction. Consistency in strategies for teat location after a piglet had successfully suckled also have been observed (Scheel et al., 1977) . In such a case, the reward obtained should reinforce the behavior. Whether the observed persistence in directionality during the early stages of teat-seeking is due to acquisition of some reward is unknown. The area behind the sow's back, and the persistence of some piglets in remaining in this area, appears to constitute the greatest obstacle to efficient teat-seeking. Studies aimed at identification of facts that may attract piglets to this area, as well as methods of moving piglets away from the area, may provide one method to reduce the birth-to-suckling interval effectively.
